Background: Epilepsy is a chronic disorder affecting all ages but with a peak in the elderly. The association of epilepsy with age can be explained by the predominance of brain diseases with epileptogenic potential (mostly stroke and dementia) and by the effects of the aging process through a number of molecular mechanisms involving networks of neurons with focal or diffuse distribution. Summary: The prevalence of active epilepsy is 6.4 per 1,000 and the lifetime prevalence is 7.6 per 1,000. The prevalence tends to increase with age, with peaks in the oldest age groups and in socially deprived individuals. The incidence of epilepsy is 61.4 per 100,000 person-years. Epilepsy has a bimodal distribution according to age with peaks in the youngest individuals and in the elderly. The increased incidence of seizures and epilepsy in the elderly can be attributed to the increase of agerelated and aging-related epileptogenic conditions. Key Messages: As the world population is steadily growing with parallel increase in the number of aged subjects, in the future, epilepsy will represent a huge burden for the society. Measures must thus be taken to prevent seizures and epilepsy through the reduction of preventable epileptogenic factors.
The most recent definition of epilepsy [1] has profound reflections for the burden of the disease in the elderly. According to the International League Against Epilepsy, epilepsy can be diagnosed not only at the presence of 2 or more unprovoked seizures, as in the past [2] , but also in patients with one unprovoked (or reflex) seizure and a probability of further seizures similar to the general recurrence risk (at least 60%) after 2 unprovoked seizures, occurring over the next 10 years [1] . In addition to unprovoked seizures, elderly patients may experience acute symptomatic seizures, that is, seizures occurring in close temporal association with a documented metabolic or structural brain insult [3] . In view of the frequent occurrence of acute symptomatic seizures and single unprovoked seizures in several clinical conditions in the same population [4] [5] [6] , the inclusion of these seizures in epidemiological surveys will result in a significant increase in the burden of epilepsy when comparing the most recent studies to the old epidemiological reports.
Mechanisms Underlying Aging and Epilepsy
Several mechanisms are implicated to explain the association between aging and epilepsy. The Na+/K+ pump or sodium-and potassium-activated adenosine 5′-triphosphatase (Na+, K+-ATPase) is involved in signaling pathways, enzyme changes during aging and in diverse neurological and psychiatric diseases, including stroke, traumatic brain injury, depression and other mood disorders, mania, Alzheimer's disease (AD), and learning and cognitive impairment [7] . Oxidative and nitrosative stress are also regarded as possible mechanisms in the pathogenesis of epilepsy [8] . Production of free radicals has a role in the regulation of biological functions, damage to cell structures, and in the pathogenesis of neurodegenerative diseases, such as Parkinson's disease, stroke, and dementia. Studies suggest that patients with neurodegenerative diseases may develop epilepsy with time. Oxidative stress may play a role in the initiation and progression of epilepsy [9] . Abnormally prolonged exposure to glutamate causes excitotoxicity with neuronal injury, that has been implicated in many acute and chronic diseases including ischemic stroke, epilepsy, amyotrophic lateral sclerosis, Alzheimer's, Huntington's, and Parkinson's disease [10] . Glutamate excitotoxicity increases oxidative stress in both in vitro and in vivo models, and accumulating evidence indicates that glutamate-induced oxidative stress contributes to neuronal death in neurodegenerative diseases [11] . Mitochondrial oxidative stress is a leading mechanism of age-related and aging-related degenerative diseases, suggesting an involvement of mitochondrial dysfunction in seizure generation [12] . Mitochondria have critical cellular functions that influence neuronal excitability including production of adenosine triphosphate, fatty acid oxidation, control of apoptosis and necrosis, regulation of amino acid cycling, neurotransmitter biosynthesis, and regulation of cytosolic Ca(2+) homeostasis. Vascular, inflammatory and metabolic factors can be also implicated in the aging process and can explain cognitive dysfunction in people with epilepsy [13] . All these mechanisms make it difficult to understand whether the association between epilepsy and aging is direct or mediated by other clinical conditions sharing with epilepsy common pathophysiologic abnormalities.
Prevalence of Seizures and Epilepsy in the Elderly
Epilepsy is quite a common disease in the elderly and is comparatively more frequent in this population compared to children and adults (Fig. 1) . The lifetime prevalence of the disease in the general population ranges from 2.3 to 15.9 per 1,000 in high-income countries and from 3.6 to 15.4 per 1,000 in low-income countries [14] . Differences can be explained in part by the differing populations at risk and by differences in case ascertainment methods. The pooled point prevalence ratio of active epilepsy, defined by treatment with antiepileptic drugs or the presence of at least one seizure in the preceding 2-5 years regardless of treatment [15] , is 6.4 per 1,000 (95% CI 5.6-7.3) and the lifetime prevalence is 7.6 per 1,000 (95% CI 6.2-9.4) [16] . The prevalence of the disease tends to increase with age, with a peak at 20-29 years and a subsequent decrease, with a ratio of 7.17 (95% CI 4.67-11.01) in individuals aged 60 years or older. Higher rates can be found when the prevalence is calculated in the context of a prospective survey. In the Rotterdam study that included individuals aged 55 years or older, the overall prevalence of active epilepsy was 9 per 1,000, with an increase with age from 7 per 1,000 for people aged 55-64 years to 12 per 1,000 for those aged 85-94 years [17] . Prevalence ratios can be even higher in racial minorities. Among subjects residing in the US Navajo Reservation who had at least 1 medical encounter, the overall prevalence of epilepsy or seizures was 18.1 per 1,000 and was up to 31.6 and 25.7 per 1,000 among men and women DOI: 10.1159/000493484 aged 75 years or older [18] . These findings were explained by the high prevalence of environmental risk factors like traumatic brain injury and alcoholism in this population. Even in nursing home residents, a high-risk population, the prevalence of epilepsy can exceed 5% [19] .
Incidence of Seizures and Epilepsy in the Elderly
The annual incidence of unprovoked seizures ranges from 33 to 198 per 100,000 and the annual incidence of epilepsy from 24 to 190 per 100,000 [20] . The incidence in high-income countries ranges from 24 to 71.0 per 100,000 per year, while in low/middle-income countries, the incidence is higher and can be up to 190 per 100,000 (Fig. 2 ). Epilepsy has a bimodal distribution according to age with peaks in the youngest individuals and in the elderly. The increased incidence in the elderly can be attributed to the increase of age-related and aging-related epileptogenic conditions. The pooled incidence rate of epilepsy is 61.4 per 100,000 person-years (95% CI 50.7-74.4) [16] . The incidence of acute symptomatic seizures also increases with advancing age [4] . This is particularly true for status epilepticus. Acute symptomatic status epilepticus accounts for most etiologies across all age groups [21] , but the causes vary according to age, with stroke, traumatic brain injury, and metabolic disorders predominating, in decreasing order, in the elderly [4] . In the Rochester, Minnesota population, the cumulative incidence of epilepsy through age 74 years was 3.0%, of all unprovoked seizures was 4.1%, and of any convulsive disorder (including acute symptomatic seizures) approached 10% [22] .
Mortality of Seizures and Epilepsy in the Elderly
The mortality of epilepsy is largely explained by the mortality of the underlying clinical conditions. Although consistently higher standardized mortality ratios (SMRs) are reported in all age groups, comparatively lower SMR elevations are reported in age groups older than 64 years (range 1.4-2.6) [23] . The decreasing mortality of epilepsy in the oldest ages can be explained by the competitive role of other clinical conditions leading to death in aged individuals. Highest SMRs in the youngest age groups were also found in low-income countries, with a continuing decline with increasing age [24] . However, in these countries, data were insufficient to characterize the risk of mortality by age of epilepsy onset. The mortality associated with acute symptomatic seizures is significantly greater in aged populations than in younger age groups [25] and can be mostly explained by the predominance of seizures occurring in close temporal association with stroke.
Temporal Trends
In the Rochester, Minnesota population, the incidence of epilepsy in the elderly has increased with time, mostly in the last decade of the observation period (up to 253.2 per 100,000) [6] . The increased incidence in the elderly in the US population was consistent with a study in Finland [26] . These findings can be explained by increased life expectancy and better case ascertainment in this age group. In contrast, in a UK population of 6,000 persons followed for 10 years [27] , the lifetime prevalence of 1 or more afebrile seizures was 20.3 per 1,000 in 1983 and 21.0 per 1,000 in 1993, but the prevalence of active epilepsy was highest in the elderly (6.1 per 1,000 in patients 60 years or older) and decreased from 5.3 to 4.3 per 1,000, with no remarkable changes during the study period. Regardless of whether or not age-specific incidence and prevalence of epilepsy in the elderly is increasing, the growth of the world population associated with the introduction of more effective preventive measures against communicable diseases in low-income countries will be followed by decreased premature mortality and, consequently, by an increase of the burden of epilepsy in aged individuals.
Global Burden of Disease
Neurological disorders, including epilepsy, have been found as the leading causes of disability-adjusted life years (DALYs), a measure of the global burden of disease [28] . From the global perspective, epilepsy accounted for about 125,000 deaths, more than 23 million prevalent cases, and more than 12 million DALYs in 2015. Rates varied across countries, with peaks in eastern, southern and central Sub-Saharan Africa and central Asia. The largest burden, as measured by DALYs, has been documented in children and young adults because in the elderly, the burden was generally attributed to stroke and other underlying diseases or injuries causing seizures in this age group.
Clinical Conditions Associated With Increased Risk of Seizures in the Elderly
Aged individuals are exposed to an increasing number of risk factors for seizures and epilepsy because they experience comorbidities more frequently than children and adults. A number of age-related and aging-related diseases are associated with seizures. These include, among others, AD and other dementias, stroke and other vascular diseases, and a number of metabolic disorders (mostly diabetes and electrolyte disturbances). All these clinical conditions can present with acute symptomatic and unprovoked seizures. Since a bidirectional association between epilepsy, cerebrovascular and neurodegenerative disorders has been frequently observed [29] , there is a possibility that epilepsy in the elderly carries a higher than expected risk of brain injuries of vascular and/or degenerative origin. Genetic mutations and shared risk factors are possible explanations.
Epilepsy, AD, and Other Dementias
Patients with AD are at increased risk of seizures and epilepsy [30] . Neurodegeneration in mild cognitive impairment or AD begins several years earlier in patients with seizures compared to those who do not develop epilepsy [31] . The same is true for patients with AD with subclinical EEG epileptiform activity, even in the absence of seizures [32] . The reported prevalence and incidence of seizures in patients with AD varies across studies, with lifetime prevalence ranging from 1.5 to 64% [30] . Compared to non-demented individuals matched for age and sex, patients with AD have a sixfold risk of unprovoked seizures and people with other types of dementia have even an eightfold risk [33] . In the United Kingdom, the prevalence ratio of AD in people with and without epilepsy was 8.0 [34] . The cumulative incidence of unprovoked seizures was 7.7% in a cohort of patients with mild AD by 7 years of follow-up [31] . Most seizure types in AD are focal with impaired awareness but myoclonic jerks are not uncommon [35] . Seizures lower the pathologic threshold for the development of cognitive impairment and early dementia in AD. Seizures also contribute to cognitive decline in the earliest stages of AD progression [36] . However, the underlying mechanisms remain to be determined.
Epilepsy and Stroke
Both ischemic and hemorrhagic stroke are associated with a high risk of seizures and epilepsy. In patients with ischemic stroke, the cumulative incidence is 2-33% for acute symptomatic seizures, 3-67% for unprovoked seizures, and 2-4% for recurrent unprovoked seizures [37] . Focal seizures are of the predominating type. Todd's paresis can be occasionally seen, making the correct differentiation with transient ischemic attacks sometimes difficult. Cortical site, severity, and size of the lesion are independent predictors of acute symptomatic seizures. In a US population-based study, acute symptomatic seizures occurred in 6% of patients with ischemic stroke [38] . Cerebral infarcts were more likely located in the anterior hemisphere (OR 4.0; 95% CI 1.2-13.7). There was an inverse correlation between age and risk of seizures with a peak in patients aged less than 55 years. The risks were higher after recurrent stroke. Compared to ischemic stroke, hemorrhagic stroke (subarachnoid hemorrhage and, to a lesser extent, primary intracerebral hemorrhage) are followed by a higher risk of seizures. In the Oxfordshire community stroke project, the cumulative probability of seizures after a first stroke was about 6% at 1 year and rose to 11% at 5 years, with significant differences across stroke subtypes (cerebral infarction 4 and 10%; primary cerebral hemorrhage 20 and 26%; subarachnoid hemorrhage 22 and 34%) [39] . Acute symptomatic sei-DOI: 10.1159/000493484 zures (onset seizures) occurred in 2.1% of cases during the first 24 hours. The onset of seizures in late life has also been associated with a significant increase in the risk of stroke suggesting that epilepsy can be a predictor of subsequent stroke [40] .
Prognosis of Epilepsy in the Elderly
Epilepsy is a self-remitting clinical condition in several patients. Among people with newly diagnosed epilepsy followed for several decades, up to 80% enter prolonged periods of seizure remission and up to 50% continue to be seizure-free after treatment discontinuation [41, 42] . Clinical experience dictates that the outcome of the disease can be even better in the elderly [43] . In a populationbased cohort of newly diagnosed patients, half of them followed for at least 10 years, the cumulative probability of starting a 2-year sustained seizure remission increased with age and was 90.2% in individuals aged 55 years or older [44] . However, when other prognostic predictors are taken into consideration, there is no evidence that age at onset of seizures affects seizure outcome [45] . Thus, there is a possibility that patients with acute symptomatic seizures are included, which, by definition, carry a lower risk of relapse than unprovoked seizures [46] .
Future Directions
Future epidemiological studies will show a steady increase in the number of subjects experiencing seizures and epilepsy, with a peak in the elderly. This increase will be explained only in part by the changes in the definition of the disease because the growth of the world population and the overall reduction of premature mortality in lowincome countries will be followed by an increase in the number of surviving aged individuals. This will reflect in a substantial increase of seizures and epilepsy in this age group as a result of the increase in the number of agerelated and aging-related diseases having epileptogenic potential. As the incidence of the disease is highest in the elderly, in low-income countries and in socially deprived minorities, poor aged individuals represent the category at highest risk of seizures and epilepsy. For these reasons, aged subjects require special attention for the detection of the disease and its prevention through the reduction of preventable epileptogenic factors.
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